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Open access under the ElKeﬁran, an exopolysaccharide isolated from keﬁr d’acqua grains, has anti-inﬂammatory and antimicrobial
activities, however, a mechanism of action directly associated with biomembranes is not yet understood.
The inﬂuence of keﬁran on a L-a-Phosphatidylcholine/cholesterol supported bilayer lipid membrane
using a Pt electrode was studied by voltammetry and electrochemical impedance spectroscopy. The
interaction of the oligosaccharide with s-BLMs promoted the access of FeðCNÞ3=46 probe ions to the elec-
trode surface. Keﬁran was found to induce molecular pores at the s-BLM surface within 5 min at
11.4 lmol/L. The suggested mechanism seems to involve hydrogen bonding between the carbohydrate
and the phosphate head group of the phospholipid with a carpet-like model of interaction. The overall
results can be contributed to direct molecular interactions between the prebiotic oligosaccharides and
the cell surfaces, which can be related to the biological activity of keﬁran in several experimental models.
 2011 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Sugary prebiotics are considered nondigestible but fermentable
oligosaccharides, involved in the promotion of health in the host.
Such compounds are known to provide improvements in nutri-
tional status and additional health beneﬁts, including protection
against carcinogenesis, mutagenesis, prevention of injuries caused
by free radicals, control of the intestinal ﬂora, and gastrointestinal
resistance [1]. Keﬁran is a carbohydrate, which is partially soluble
in water and secreted by some bacteria present in keﬁr grains
grown in a sugary medium. It is composed of repeating units of
monosaccharides, glucose, rhamnose, galactose and arabinose
(ratio 4.0:2.4:1.0:2.6). These carbohydrates have several beneﬁcial
health effects, including the decrease of blood pressure induced by
hypertension [2], production of b-interferon, cortisol and norepi-
nephrine [3], increased phagocytic activity of peritoneal and lung
macrophages [4] and increased IgA cells in these sites [5], antitu-
mor activity [6], antimicrobial activity [7], and anti-inﬂammatory
activity [8]. Although several beneﬁts have been identiﬁed for
these carbohydrates, little is known about their direct molecularbrane; CV, cyclic voltamme-
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sevier OA license.mechanisms of action on cell surfaces. Biological membranes are
important to all living organisms because they serve as the
functional interface between the intracellular and the extracellular
domains as well as play major roles in numerous biological
processes [9]. Artiﬁcial membranes, such as planar lipid bilayers
membranes, can mimic the effects of bound compounds to bio-
membranes, and have been used to obtain analytical signals of
ion permeability and drug action. Substances such as antibiotics,
drugs, poisons, dyes and detergents, which in many cases affect
the membrane of living cells, can also alter the electrical character-
istics, structure and mechanical properties of experimental bilay-
ers [10]. The supported membranes can provide the enhanced
mechanical stability for practical applications for the binding stud-
ies of prebiotics such as keﬁran using biomembranes. The main
goal of this work was to investigate the direct effects of keﬁran
on a lipid bilayer membrane structure constructed on a surface
electrode using the electrochemical approaches of cyclic voltam-
metry and electrochemical impedance spectroscopy.2. Materials and methods
2.1. Apparatus
Cyclic voltammetry (CV) was performed on a potentiostat–
galvanostat instrument PG-39MCSV (Omnimetra Instrumentos
Cientíﬁcos Ltda, Nova Friburgo, RJ, Brazil). The apparatus used for
electrochemical impedance measurements was composed of an
Autolab with a potentiostat/galvanostat working station 128 N
Fig. 1. Cyclic voltammetry of the charge transfer of ferricyanide ions on the
electrode surface. (a) Bare Pt electrode, (b) Pt electrode modiﬁed with s-BLMs in
1.0 mmol/L K4[Fe(CN)6]/K3[Fe(CN)6] (1:1) mixture containing 0.1 mol/L KCl. Scan
rate was 50 mV s1.
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Chemie B.V. Utrecht, The Netherlands), which was used to provide
fully computer controlled electrochemical impedance spectros-
copy data. Impedance measurements were performed in the fre-
quency range from 100 kHz to 420 mHz with a signal amplitude
of 10 mV. All experiments were carried out with a three-electrode
system, including an Ag/AgCl (KCl-saturated) electrode as refer-
ence electrode, a platinum wire (0.5 mm diameter), which served
as the counter electrode, and a Pt disc of 0.5 mm diameter melted
in a glass tube as the working electrode. Experiments were per-
formed in the presence of 1 mmol/L FeðCNÞ3=46 as a redox probe
contained in 0.1 mol/L KCl as a support solution. The impedance
measurements were conducted at the potential of the system,
E0 = 235 mV. A MaxiClean 1400 (Unique Ind. Com. Ltda, SP, Brazil)
was used to clean the working electrode before assays were per-
formed. The experiments were conducted at room temperature.
2.2. Reagents
L-a-Phosphatidylcholine (PC), obtained from fresh egg yolk and
cholesterol, were purchased from Sigma–Aldrich (St. Louis, MO,
USA). Keﬁran was isolated from samples cultured in the lab follow-
ing a modiﬁed procedure that has all ready been described [8]. All
other chemicals were of the highest quality possible and were used
without further puriﬁcation. The water used in all experiments
was double distilled.
2.3. Supported lipid bilayer formation
The methods for the formation of s-BLMs on a Pt electrode have
been described elsewhere [11–13]. A sample of L-a-Phosphatidyl-
choline (PC) and cholesterol (CH) were dissolved in chloroform,
giving a ﬁnal concentration of 20 mg mL1 PC and 7 mg mL1 CH
(BLM solution). The Pt electrode (diameter 0.50 mm) was ﬁrst pol-
ished with sand paper, followed by an alumina slurry on a polish-
ing cloth. The electrode was then sonicated in pure water for 2 min,
rinsed, and immersed in a solution of 1.0 mol/L H2SO4. Cyclic vol-
tammetry was performed after the Pt electrode was activated in
1 mol/L H2SO4. The Pt electrode was immediately removed, rinsed
with pure water and sonicated with a highly power supersonic
wave generator in ethanol solution bath for 5 min. Afterwards, a
drop of BLM forming solution (5 lL) was added onto the surface
of the Pt electrode; then the electrode was rinsed with water to re-
move chloroform traces, and transferred into a 0.1 mol/L KCl solu-
tion for 20 min, in which the supported lipid layer was formed
spontaneously by self-assembly [14]. All experiments were con-
ducted in triplicate.3. Results and discussion
3.1. Characterization of the s-BLM on the Pt electrode for CV and EIS
A perfect formation of the s-BLM is a highly effective barrier for
the charge exchange between the electrolyte solution and the
electrode surface; thus, a defect-free membrane should be ion-
impermeable, inhibiting the appearance of redox peak currents
[15]. In this section, cyclic voltammetry was applied as a conve-
nient and informative electrochemical method for the examination
of membrane integrity. The FeðCNÞ3=46 played the role of electro-
active species as a probe to assess the ionic permeability of the
membrane [16,17]. The cyclic voltammograms allows one to
conclude that the interaction of BLMs with keﬁran shows the
cyclic voltammetric response of: (a) the bare Pt electrode and (b)
the Pt electrode coated with s-BLM in 1.0 mmol/L K3[Fe(CN)6]/
K4[Fe(CN)6] (1:1) solution containing 0.1 mol/L KCl, Fig. 1a. A pairof well-deﬁned reversible waves of FeðCNÞ3=46 ion couples were
obtained at bare Pt [18].
However, after the electrode was modiﬁed, the CV proﬁle mark-
edly changed with a progressive decrease in signal during mem-
brane formation up to the disappearance of redox peaks (Fig. 1b).
This could be due to s-BLM self-sealing properties, enhancing the
life time of the structure on the electrode, as observed by the un-
changed voltammetric signal after 25 repeated scans. Therefore,
the FeðCNÞ3=46 redox coupling was blocked from reaching the sur-
face of the electrode to a great extent. The current response of a
marker ion on s-BLM was found to consistent with previous re-
ports [11,12].
Impedance spectroscopy is an effective method for probing the
features of the surface-modiﬁed electrodes and often applied as a
complementary technique to cyclic voltammetry [19]. Electro-
chemical impedance spectroscopy aims to gain further information
about s-BLM integrity upon keﬁran action. The data were analyzed
by a relatively equivalent Randle’s circuit consisting of ideal and
non-ideal electrical analogs of the real physical and chemical pro-
cesses; this approach is considered a theoretical abstraction of an
interfacial system.
Fig. 2 illustrates the results of impedance spectroscopy mea-
surements on the bare electrode (A) and coated electrode (B) in a
0.1 mol/L KCl solution containing 1 mM FeðCNÞ3=46 measured at
the formal potential of the system.
The complex impedance can be presented as the sum of the real,
Zre, and imaginary, Zim, components that originate mainly from the
resistance and capacitance of the cell, respectively (Nyquist plot)
[13]. The plot of the s-BLM was characterized by a small semicircle
located near the origin and probed by high frequencies followed by
a Warburg-like mass transfer impedance in the low frequency por-
tion (Fig. 2A). At higher frequency ranges, the dynamics of electron
transfer is observed in the impedance spectroscopy experiment
and the current due to voltage excitation is under kinetic control
[14]. The low-frequency region in Fig. 2A, where the slope of Zre
vs. Zim is unitary, is dominated by a mass transfer of the redox spe-
cies to and from the interfacial region [20].
After modiﬁcation with the s-BLM (Fig. 2B), a signiﬁcant differ-
ence in the impedance spectra was observed. For the modiﬁed
electrode, the Nyquist diagram has characteristics of an electrode
coated with a resistive ﬁlm, as can be seen by the higher imped-
ance values [20]. The modiﬁed electrode also shows two semi-
circles, one at higher frequencies and another at average frequency
values. These capacitors have two time constants, which are
similar, making it difﬁcult to separate the two capacitive arcs.
Fig. 2. Electrochemical impedance spectroscopy of (A) bare Pt and (B) Pt modiﬁed
with s-BLMs in a 1 mM FeðCNÞ3=46 solution containing 0.1 M KCl. Inset: Modiﬁed
Randle’s equivalent circuit presenting the ﬁtting curve, where Rsol denotes the
electrolyte resistance, Rm the lipid membrane resistance, Cm the lipid membrane
capacitance, Cdl the double-layer capacitance, R resistance of the monolayer defects,
Rct the charge-transfer resistance and Zw the Warburg element.
Table 1
Values of components of equivalent electri-
cal circuit for the s-BLM adjusted form
simulation.
Components Values of components
Rsol 0128 mX cm2 (0.0%)a
Cm 0.16 lF cm2 (0.0%)
Rm 3.46 kX cm2 (0.0%)
R 12.75X cm2 (0.0%)
Rct 1.39 kX cm2 (2.8%)
Cdl 0.11 lF cm2 (3.3%)
Zw 0.17 mX (4.6%)
a Results in parenthesis represent the
error percentage obtained from FRA.
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tain membrane and the medium frequencies are attributed to elec-
trode solution interface because of the porous characteristics of the
s-BLM. The semicircle observed with the modiﬁed electrode indi-
cates that the s-BLM prevents the transfer of the electron–ion
probes in the electrochemical process.
The experimentally obtained impedance data for a given elec-
trode interface can be analyzed by an exact mathematical model
that predicts the theoretical impedance Z(w) or by a relatively
equivalent circuit consisting of ideal and non-ideal electrical ana-
logs to the real physical and chemical processes.
To obtain more detailed information about the impedance prop-
erty of the membrane, some models were evaluated based on dis-
tributed electrical components [11–14,21–23], and a modiﬁed
Randle’s circuit was chosen, which was similar to that presented
by Huang and colleagues [21] and best ﬁtted the measured data
(Fig. 2B, inset).
Simulation has conﬁrmed that the s-BLM is formed by the resis-
tance of the solution (Rsol), two capacitors in series, RmCm RctCdl, and
Warburg impedance (Zw), where Rm is the membrane resistance,
Cm is the membrane capacitance per unit area, Rct is the charge-
transfer resistance, and Cdl is the double-layer capacitance. The
Warburg impedance showed evidence in the presence of pores in
the structure of s-BLM. The resistance, R, merging the capacitors
was related to defects in s-BLM, which could provide monolayers,
at some points. The value of components with equivalent electrical
circuits for the s-BLM and the percent error obtained from the sim-
ulation are shown Table 1.These values are in agreement with those obtained elsewhere
[11,12,21–24]. The value of Cm is comparable to other published
values [22,25]. Considering the BLM as a plate condenser, the
thickness (d) of the lipid membrane can estimated by the following
equation [23]:
Cm ¼ e0j=d ð1Þ
where e0 is the dielectric permittivity of free space (e0 = 8.85
 1014 F/cm) and j is the dielectric permittivity of the lipid
(j = 2.05 [12]). From Eq. (1), the thickness of the lipid membranes
were found to be 11.3 nm, similar to the range of 4–10 nm that
has been observed for PC bilayers [12,24,26,27]. The low membrane
capacitance value per unit area found (Table 1) is also in agreement
with a bilayer structure reported, as a typical BLM has an average
value around 0.2–0.5 lF/cm2 [12,27]. Therefore, even though there
is some uncertainty about the structure of the lipid layer assembled
on the Pt electrode, it is inferred that the membrane has a bilayer
structure, since it is considered the most stable one on the electrode
surface [16], it has a thickness on the order of a bilayer, a single arc
on EIS experiments, and increasing CV current and depressed circu-
lar arcs in impedance plots obtained in solutions containing a
reversible redox couple, after keﬁran incubation. Furthermore, the
EIS data were well ﬁtted to a bilayer model represented by a mem-
brane capacitance in parallel with a membrane resistance (Table 1).
3.2. Preincubation effects of keﬁran on the s-BLM
3.2.1. Effects of the preincubation
To investigate the ion permeation processes through s-BLMs,
we placed the Pt electrode, coated with s-BLMs, into a
11.4 lmol/L keﬁran solution for 0, 5, 10, 15, 30 and 50 min and
then transferred the electrode into a 0.1 mol/L KCl solution
containing 1.0 mmol/L K3[Fe(CN)6]/K4[Fe(CN)6] (1:1). The cyclic
voltammetric (CV) response of the electrode was recorded in
Fig. 3A. As shown by voltammograms, there was no voltammetric
response of the marker ion in the absence of keﬁran (Fig. 3A(a)).
The suppression of CV peak current indicated that the ions of
K3[Fe(CN)6]/K4[Fe(CN)6] were not allowed to permeate through
the s-BLM. After keﬁran was put in contact with the s-BLM, a far-
adaic current due to ion transport appeared at a deﬁnite potential
of the electrode at different times (Fig. 3A(b–f)). This means that
keﬁran in s-BLMs could be facilitated as a marker ion to travel
through the BLM.
The information obtained from electrochemical signals exhib-
ited in Fig. 3A included the peak-to-peak potential separation,
which varied based on time differences of preincubation between
keﬁran and the s-BLM (inset in Fig. 3A). There were differences
in response between the incubation periods tested; similar effects
were present only with the 15 and 20 min incubation periods
(ANOVA, p < 0.05). The decrease of the peak separation observed
in the inset of Fig. 2 implies an increase in the electron-transfer
Fig. 3. Electrochemical data for keﬁran action on s-BLMs as a function of
preincubation times. (A) Cyclic voltammetric response of 1.0 mmol/L K3[Fe(CN)6]/
K4[Fe(CN)6] (1:1) solution containing 0.1 mol/L KCl, at Pt electrode s-BLM after
interaction with 11.4 lmol/L keﬁran for the following varying times: (a) 0 min, (b)
5 min, (c) 10 min, (d) 15 min, (e) 30 min and (f) 50 min. The scan rate was
50 mV s1. Inset: changes in peak potential separation according to each corre-
sponding time of interaction. (B) Electrochemical impedance spectroscopy of the Pt
modiﬁed electrode in 1 mM FeðCNÞ3=46 solution containing 0.1 mol/L KCl:
(a) s-BLM and (b) s-BLM after interacting with 11.4 lmol/L of keﬁran for 10 min.
Fig. 4. Electrochemical data for keﬁran action on s-BLMs as a function of
concentration. Cyclic voltammetric response of a 1 mM FeðCNÞ3=46 solution
containing 0.1 mol/L KCl on the Pt electrode modiﬁed with s-BLMs after interacting
with different concentrations of oligosaccharide from keﬁran in 5 min at : (a)
0.0 lmol/L, (b) 11.4 lmol/L, (c) 22.7 lmol/L, (d) 34.1 lmol/L, (e) 45.4 lmol/L, (f)
56.8 lmol/L. The scan rate was 50 mV s1. Inset: DEp variation with each
corresponding concentration of keﬁran studied.
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structural changes on the s-BLM. These data also suggest that the
distinct peaks emerged because of the marker ions reaching the
surface of the Pt electrode, which can result from pore formation
in the s-BLM or lipid desorption from the s-BLM surface, by lipid
reaction with keﬁran. To verify, we transferred the electrode from
a solution with 1 mM FeðCNÞ3=46 into a solution without keﬁran,
which resulted in a similar CV proﬁle as shown in Fig. 3A (curve
c), but with a larger peak-to-peak signal.
Fig. 3B shows the results of impedance spectroscopy of: (a)
s-BLM and (b) s-BLM after interacting with 11.4 lmol/L keﬁran
for 10 min, in an equimolar 1 mM FeðCNÞ3=46 solution with
0.1 mol/L KCl as the supporting electrolyte. A smaller diameter
with a decrease in the charge-transfer resistance is illustrated in
Fig. 3B(b) compared to Fig. 3B(a), suggesting the effectiveness of
s-BLMs in preventing the redox probe from accessing the electrode
[27,28]. Furthermore, this result suggested a Warburg-like mass
transfer impedance occurred in the low frequency portion, which
indicated that the s-BLM was deﬁcient after the interaction at
eliminating the electron transfer between FeðCNÞ3=46 and the cov-
ered electrode [11]. This result suggests that the s-BLM has a frac-
tal surface with defects permeating through the membrane to the
electrode after keﬁran binding, which was consistent with the
results obtained from the cyclic voltammetry measurements.
To access the possibility that redox current is mainly caused by
the pore formation in Pt-BLM, we have used the theoreticalapproach of Amatore et al. [29], who proposed a model for the re-
dox kinetics of partially blocked electrodes. According to Amatore´s
theory, if the electron-transfer rate of the redox coupling is very
fast on the bare electrode, a limiting current will be observed
and the half-wave potential is equal to the standard potential of
the redox couple. The relation between h, the fractional coverage
of electrode, and the limiting current obtained, ilim, is given below
[26]:
h ¼ 1 ð0:6 ilimrÞ=ðFACiDÞ ð2Þ
where r is the average radii of active pinhole sites, F is the Faraday
constant, A is the surface area, Ci is the concentration of oxidant or
reductant (mol/dm3), and D is the diffusion coefﬁcient. Based on
this equation, the pores’ radii induced by keﬁran interaction with
the s-BLM was found to be 34 Å, a similar value reported in litera-
ture [30].
3.3. Concentration effects of keﬁran on s-BLMs
The modiﬁed electrode was incubated at different keﬁran con-
centrations containing 0.1 M KCl. The cyclic voltammograms of
the Pt electrode, modiﬁed by a BLM in a FeðCNÞ3=46 solution after
interaction with keﬁran, are shown in Fig. 4. Each peak current was
obtained after a 5 min interaction between keﬁran and membrane
lipids. The values of potential and separation peaks obtained were
different at the keﬁran concentration challenged (ANOVA,
p < 0.001). There was no apparent amperometric response of the
marker ions on the s-BLM when the concentration of keﬁran was
below 11.4 lmol/L (data not shown). Redox peaks appeared to in-
crease with increasing concentration of the prebiotic carbohydrate.
Concurrently, peak separation decreased (Fig. 4, inset) and peak
currents of the redox reaction increased.
The decrease in the peak separation observed (inset of Fig. 4)
implies an increasing electron-transfer rate. The charge transfer ki-
netic parameter, Ko, calculated following the Tafel equation [18],
changed almost linearly with keﬁran concentrations (R2 = 0.978)
ranging from 2.1  104 s1 (11.4 lmol/L) to 7.6  104 s1
(56.8 lmol/L). As a comparison, the nude Pt electrode exhibited a
heterogeneous standard coefﬁcient of 1.4  102 [18], which is
up to 46% of the value obtained for the nude Pt electrode [12],
meaning that the effective electrode area was increased [11]. With
increasing keﬁran concentration, the number of pores of s-BLMs
increased. The amount of the redox probe reaching the surface of
Fig. 5. The carpet-like mechanism proposed for keﬁran-membrane interaction. Oligosaccharide molecules line up on the membrane surface until a critical concentration is
reached and a detergent-like effect takes place. At this stage, oligosaccharides from keﬁran and membrane components form aggregates that leave the membrane cause
disruption.
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current and a decrease in the peak separation. Thus, it can be sug-
gested that keﬁran could have induced some active sites to ions of
FeðCNÞ3=46 through membrane defects, leading to ion diffusion
across the s-BLM as calculated above [11]. Some possible mecha-
nisms of interaction with s-BLMs have been reported in the litera-
ture: stabilization on s-BLM and adsorption [23], channel
formation [31,32], pore formation [11,12,23] and detergent-like ef-
fect [10,21,33]. Adsorption and stabilization of the s-BLM can arise
from a decrease of Ip values and an increase in DEp values, as has
been discussed in literature [23], but neither were evidenced in
this present work. Sato and coworkers [31] reported that incorpo-
ration of ionophores could provide the formation of selective chan-
nels for ions in s-BLMs. Utilizing this technique, Ipa/Ipc rate values
obtained were closest to unity for each keﬁran concentration
tested (Fig. 4). Those results showed no difference between the
ion permeability of FeðCNÞ36 and FeðCNÞ46 through s-BLMs, and lit-
tle probability of channel formation due to ionophore incorpora-
tion to explain the interaction mechanism of keﬁran with the
membrane. Furthermore, ionophores incorporated bilayer lipid
membranes can produce selective and small ion channels that con-
tribute at a lesser extent to the current values, and usually preserve
membrane integrity [31], which was not found in this work.
Cyclic voltammograms suggested that the formation of pores on
the surface of membranes decreased membrane resistivity to the
probing molecules, resulting from the interaction between keﬁran
and lipid membranes [11,13,23,26].
Data obtained with carbohydrates and dry phospholipids using
IR spectroscopy suggested that the mechanism of interaction in-
volves hydrogen bonding between the carbohydrate and phos-
phate head group of phospholipids [34,35]. It is believed that the
polyhydroxylated sugar replaces water and maintains the lateral
spacing between lipid polar head groups in the dry state, thereby,
minimizing van der Waals interactions of the hydrocarbon chains
[36]. Moreover, cholesterol is known to have a preferential ordered
distribution within artiﬁcial membrane bilayers, and is unlikely to
associate with PC [37], thus enhancing the regulation of membrane
ﬂuidity domains and decreasing the stacking of phopholipids
chains.
Therefore, we propose that the mechanism of interaction be-
tween keﬁran and the s-BLM could be explained in three ways,
depending on the concentration of the prebiotic.Initially, at concentrations smaller than 11.4 lmol/L, the s-BLM
structure was not affected by keﬁran, which interact with the
membrane surface in a carpet-like fashion of binding [10]
(Fig. 5b). However, there were no changes in the response of the
CV data that led us to this conclusion. When keﬁran concentrations
ranged between 11.4 and 22.7 lmol/L, keﬁran could induce mem-
brane defects formed in s-BLMs due to the penetration of keﬁran
and pore formation (Fig. 5c). This could be assisted by the hydro-
gen bonding of phospholipids and cholesterol molecules present
in s-BLM structure with keﬁran [8], favouring a crevice formation
during the initial disruption, and contributing to the resulted mic-
rodefects produced in s-BLM surface.
Lastly, when concentrations are above 22.7 lmol/L, the mole-
cules of keﬁran line up on the membrane surface until a critical
concentration is reached and a detergent-like effect takes place
(Fig. 5d). In this sense, the bound keﬁran molecules could form
hydration shells around the phospholipid head group, causing an
increase on the surface area per phospholipid, and also leading to
decreased van der Waal’s attractions between their hydrocarbon
chains, together with those arised from the reduction of their pack-
ing density.
The mechanism for the interaction of keﬁran and s-BLMs are
proposed in this work as a carpet-like model and is similar to those
reported for some active peptides [38]. This mechanism of action is
comparable to that of classical surfactants [10,38].4. Conclusions
In this paper, we discuss the interaction between keﬁran, a pre-
biotic oligosaccharide isolated from keﬁr grains, and the bilayer
membrane. This interaction was analyzed using cyclic voltamme-
try with a Pt electrode and electrochemical impedance spectros-
copy with FeðCNÞ3=46 as probe ions. We suggest that the
mechanism of interaction involved hydrogen bonding between
the carbohydrate and the phosphate head group of the phospho-
lipid and proposed three ways that the interaction can lead to
membrane disruption, depending on the keﬁran concentration
range: low (carpet-like), median (pore formation) and high
concentration (detergent-like effect). The approach reported
herein provided a simple physical model for the interaction of
keﬁran with biomembranes, and it can help us to understand the
66 A.F. Barbosa et al. / Journal of Electroanalytical Chemistry 653 (2011) 61–66biological activity of prebiotics that are naturally similar in struc-
ture and action, for the health beneﬁts reported earlier.
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